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STREPTOCOCCAL C5A PEPTIDASE 
VACCINE 

This application is a continuation of US. application Ser. 
No. 09/870,122, ?led May 30, 2001 which issued as US. Pat. 
No. 6,951,653: which is a continuation of International Patent 
Application No. PCT/US99/28826, ?led Dec. 3, 1999 and 
published in English on Jun. 15, 2000 as WO 00/34487; 
which is a continuation of US. application Ser. No. 09/206, 
898, ?led Dec. 7, 1998 and issed as US. Pat. No. 6,355,255; 
which is a continuation-in-part of US. application Ser. No. 
08/589,756 ?led Jan. 22, 1996 and issued as US. Pat. No. 
5,846,547.All of these applications and publication are incor 
porated by reference herein. 

BACKGROUND OF THE INVENTION 

There are several different [3-hemolytic streptococcal spe 
cies that have been identi?ed. Streptococcus pyogenes, also 
called group A streptococci, is a common bacterial pathogen 
of humans. Primarily a disease of children, it causes a variety 
of infections including pharyngitis, impetigo and sepsis in 
humans. Subsequent to infection, autoimmune complications 
such as rheumatic fever and acute glomerulonephritis can 
occur in humans. This pathogen also causes severe acute 
diseases such as scarlet fever, necrotizing fasciitis and toxic 
shock. 

Sore throat caused by group A streptococci, commonly 
called “strep throat,” accounts for at least 16% of all of?ce 
calls in a general medical practice, depending on the season. 
Hope-Simpson, E., “Streptococcus pyogenes in the throat: A 
study in a small population, 1962-1975,” J. Hyg. Comb, 87: 
109-129 (1981). This species is also the cause of the recent 
resurgence in North America and four other continents of 
toxic shock associated with necrotizing fasciitis. Stevens, D. 
L., “Invasive group A streptococcus infections,” Clin. Infect. 
Dis., 14: 2-13 (1992). Also implicated in causing strep throat 
and occasionally in causing toxic shock are groups C and G 
streptococci. Hope-Simpson, E., “Streptococcus pyogenes in 
the throat: A study in a small population, 1962-1975,” J. Hyg. 
Comb, 87: 109-129 (1981). 

Group B streptococci, also known as Streptococcus aga 
lactiae, are responsible for neonatal sepsis and meningitis. T. 
R. Martin et al., “The effect of type-speci?c polysaccharide 
capsule on the clearance of group B streptococci from the 
lung of infant and adult rats”, J. Infect Dis., 165: 306-314 
(1992). Although frequently a member of vaginal mucosal 
?ora of adult females, from 0.1 to 0.5/ 1000 newborns develop 
serious disease following infection during delivery. In spite of 
the high mortality from group B streptococcal infections, 
mechanisms of the pathogenicity are poorly understood. Mar 
tin, T. R., et al., “The effect of type-speci?c polysaccharide 
capsule on the clearance of Group B streptococci from the 
lung of infant and adult rats,” J. Infect. Dis., 165: 306-314 
(1992). 

Streptococcal infections are currently treated by antibiotic 
therapy. However, 25-30% of those treated have recurrent 
disease and/or shed the organism in mucosal secretions. At 
present no means is available to prevent streptococcal infec 
tions. Historically, streptococcal vaccine development has 
focused on the bacterium’ s cell surface M protein. Bessen, D., 
et al., “In?uence of intranasal immunization with synthetic 
peptides corresponding to conserved epitopes of M protein on 
mucosal colonization by group A streptococci,” Infect. 
Immun., 56: 2666-2672 (1988); Bronze, M. S., et al., “Pro 
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2 
tective immunity evoked by locally administered group A 
streptococcal vaccines in mice,” Journal of Immunology, 141: 
2767-2770 (1988). 
Two major problems will limit the use, marketing, and 

possibly FDA approval, of an M protein vaccine. First, more 
than 80 different M serotypes of S. pyogenes exist and new 
serotypes continually arise. Fischetti, V. A., “Streptococcal M 
protein: molecular design and biological behavior, Clin. 
Microbiol. Rev., 2: 285-314 (1989). Thus, inoculation with 
one serotype-speci?c M protein will not likely be effective in 
protecting against other M serotypes. The second problem 
relates to the safety of an M protein vaccine. Several regions 
of the M protein contain antigenic epitopes which are immu 
nologically cross-reactive with human tissue, particularly 
heart tissue. The N-termini of M proteins are highly variable 
in sequence and antigenic speci?city. Inclusion of more than 
80 different peptides, representing this variable sequence, in 
a vaccine would be required to achieve broad protection 
against group A streptococcal infection. New variant M pro 
teins would still continue to arise, requiring ongoing surveil 
lance of streptococcal disease and changes in the vaccine 
composition. In contrast, the carboxyl-termini of M proteins 
are conserved in sequence. This region of the M protein, 
however, contains an amino acid sequence which is immuno 
logically cross-reactive with human heart tissue. This prop 
erty of M protein is thought to account for heart valve damage 
associated with rheumatic fever. P. Fenderson et al., “Tro 
pomyosinsharies immunologic epitopes with group A strep 
tococcal M proteins, J Immunol. 142: 2475-2481 (1989). In 
an early trial, children who were vaccinated with M protein in 
1979 had a ten fold higher incidence of rheumatic fever and 
associated heart valve damage. Massell, B. F., et al., “Rheu 
matic fever following streptococcal vaccination, JAMA, 207: 
1115-1119 (1969). 
Other proteins under consideration for vaccine develop 

ment are the erythrogenic toxins, streptococcal pyrogenic 
exotoxin A and streptococcal pyrogenic exotoxin B. Lee, P. 
K., et al., “Quanti?cation and toxicity of group A streptococ 
cal pyrogenic exotoxins in an animal model of toxic shock 
syndrome-like illness,” J Clin. Microb, 27: 1890-1892 
(1989). Immunity to these proteins could prevent the deadly 
symptoms of toxic shock,but may not prevent colonization by 
streptococci. 

Thus, there remains a continuing need for an effective 
means to prevent or ameliorate streptococcal infections. 
More speci?cally, a need exists to develop compositions use 
ful in vaccines to prevent or ameliorate colonization of host 
tissues by streptococci, thereby reducing the incidence of 
strep throat and impetigo. Elimination of sequelae such as 
rheumatic fever, acute glomerulonephritis, sepsis, toxic 
shock and necrotizing fasciitis would be a direct consequence 
of reducing the incidence of acute infection and carriage of 
the organism. A need also exists to develop compositions 
useful in vaccines to prevent or ameliorate infections caused 
by all [3-hemolytic streptococcal species, namely groupsA, B, 
C and G. 

SUMMARY OF THE INVENTION 

The present invention provides a vaccine, and methods of 
vaccination, effective to immunize a susceptible mammal 
against [3-hemolytic Streptococcus. The susceptible mammal 
could be a human or a domestic animal such as a dog, a cow, 
a pig or a horse. Such immunization could prevent, ameliorate 
or reduce the incidence of [3-hemolytic Streptococcus colo 
nization in the mammal. The vaccine contains an immuno 
genic amount of streptococcal C5a peptidase (SCP), wherein 
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the SCP is a variant of wild-type SCP in combination with a 
physiologically-acceptable, non-toxic vehicle. 
A “variant” of SCP is a polypeptide or oligopeptide SCP 

that is not completely identical to native SCP. Such a variant 
SCP can be obtained by altering the amino acid sequence by 
insertion, deletion or substitution of one or more amino acid. 
The amino acid sequence of the protein is modi?ed, for 
example by substitution, to create a polypeptide having sub 
stantially the same or improved qualities as compared to the 
native polypeptide. The substitution may be a conserved sub 
stitution. A “conserved substitution” is a substitution of an 
amino acid with another amino acid having a similar side 
chain. A conserved substitution would be a substitution with 
an amino acid that makes the smallest change possible in the 
charge of the amino acid or size of the side chain of the amino 
acid (alternatively, in the size, charge or kind of chemical 
group within the side chain) such that the overall peptide 
retains its spacial conformation but has altered biological 
activity. For example, common conserved changes might be 
Asp to Glu, Asn or Gln; His to Lys, Arg or Phe; Asn to Gln, 
Asp or Glu and Ser to Cys, Thr or Gly. Alanine is commonly 
used to substitute for other amino acids. The 20 essential 
amino acids can be grouped as follows: alanine, valine, leu 
cine, isoleucine, proline, phenylalanine, tryptophan and 
methionine having nonpolar side chains; glycine, serine, 
threonine, cystine, tyrosine, asparagine and glutamine having 
uncharged polar side chains; aspartate and glutamate having 
acidic side chains; and lysine, arginine, and histidine having 
basic side chains. L. Stryer, Biochemistry (2d ed.) p. 14-15; 
Lehninger, Biochemistry, p. 73-75. 

The amino acid changes are achieved by changing the 
codons of the corresponding nucleic acid sequence. It is 
known that such polypeptides can be obtained based on sub 
stituting certain amino acids for other amino acids in the 
polypeptide structure in order to modify or improve antigenic 
or immunogenic activity. For example, through substitution 
of alternative amino acids, small conformational changes 
may be conferred upon a polypeptide which result in 
increased activity or enhanced immune response. Alterna 
tively, amino acid substitutions in certain polypeptides may 
be used to provide residues which may then be linked to other 
molecules to provide peptide-molecule conjugates which 
retain suf?cient antigenic properties of the starting polypep 
tide to be useful for other purposes. 
One can use the hydropathic index of amino acids in con 

ferring interactive biological function on a polypeptide, 
wherein it is found that certain amino acids may be substi 
tuted for other amino acids having similar hydropathic indi 
ces and still retain a similar biological activity. Alternatively, 
substitution of like amino acids may be made on the basis of 
hydrophilicity, particularly where the biological function 
desired in the polypeptide to be generated in intended for use 
in immunological embodiments. The greatest local average 
hydrophilicity of a “protein”, as governed by the hydrophi 
licity of its adjacent amino acids, correlates with its immu 
nogenicity. U.S. Pat. No. 4,554,101. Accordingly, it is noted 
that substitutions can be made based on the hydrophilicity 
assigned to each amino acid. 

In using either the hydrophilicity index or hydropathic 
index, which assigns values to each amino acid, it is preferred 
to conduct substitutions of amino acids where these values are 
:2, with :1 being particularly preferred, and those with in 
10.5 being the most preferred substitutions. 
The variant SCP comprises at least seven amino acid resi 

dues, preferably about 100 to about 1500 residues, and more 
preferably about 300 to about 1200 residues, and even more 
preferably about 500 to about 1180 residues, wherein the 
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4 
variant SCP has at least 50%, preferably at least about 80%, 
and more preferably at least about 90% but less than 100%, 
contiguous amino acid sequence homology or identity to the 
amino acid sequence of a corresponding native SCP. 
The amino acid sequence of the variant SCP polypeptide 

corresponds essentially to the native SCP amino acid 
sequence. As used herein “correspond essentially to” refers to 
a polypeptide sequence that will elicit a protective immuno 
logical response substantially the same as the response gen 
erated by native SCP. Such a response may be at least 60% of 
the level generated by native SCP, and may even be at least 
80% of the level generated by native SCP. An immunological 
response to a composition or vaccine is the development in 
the host of a cellular and/or antibody-mediated immune 
response to the polypeptide or vaccine of interest. Usually, 
such a response consists of the subject producing antibodies, 
B cell, helper T cells, suppressor T cells, and/or cytotoxic T 
cells directed speci?cally to an antigen or antigens included 
in the composition or vaccine of interest. 
The SCP may be a variant of SCP from group A Strepto 

coccus (SCPA), group B Streptococcus (SCPB), group C 
Streptococcus (SCPC) or group G Streptococcus (SCPG). 
A variant of the invention may include amino acid residues 

not present in the corresponding native SCP or deletions 
relative to the corresponding native SCP. A variant may also 
be a truncated “fragment” as compared to the corresponding 
native SCP, i.e., only a portion of a full-length protein. For 
example, the variant SCP may vary from native SCP in that it 
does not contain a cell wall insert. SCP variants also include 
peptides having at least one D-amino acid. 
The variant SCP of the vaccine may be expressed from an 

isolated DNA sequence encoding the variant SCP. For 
example, the variant SCP may vary from native SCP in that it 
does not contain a signal sequence or a cell wall insert. The 
DNA may encode the speci?city crevice or the catalytic 
domain. In particular the DNA may encode amino acid resi 
due 130, 193, 295 or 512 of the catalytic domain, or amino 
acid residues 260, 261, 262, 415, 416 or417 ofthe speci?city 
crevice, or encode modi?cations at such residues. In particu 
lar, the DNA may encode SCPA49D130A, SCPA49H193A, 
SCPA49N295A, SCPA49SSl2A, SCPA1D130A, 
SCPA1H193A, SCPA1N295A, SCPA18512A, 
SCPBD130A, SCPBH193A, SCPBN295A, SCPBS512A or 
ASCPA49. 

For the above listing SCPA49H193A means an SCP from 
group A Streptococci serotype 49, wherein the His at residue 
number 193 is replaced withAla. The SCP of the vaccine may 
lack enzymatic C5ase or peptidase activity. The vaccine may 
also contain an immunological adjuvant. The vaccine can be 
used to prevent infection by group A Streptococcus, group B 
Streptococcus, group C Streptococcus or group G Streptococ 
cus. 

The vaccine may comprise an immunogenic recombinant 
streptococcal C5a peptidase conjugated or linked to an immu 
nogenic peptide or to an immunogenic polysaccharide. 
“Recombinant” is de?ned as a peptide or nucleic acid pro 
duced by the processes of genetic engineering. The terms 
“protein,” “peptide” and “polypeptide” are used interchange 
ably herein. 
The streptococcal C5a peptidase vaccine can be adminis 

tered by subcutaneous or intramuscular injection. Altema 
tively, the vaccine can be administered by oral ingestion or 
intranasal inoculation. 
The present invention further provides isolated and puri 

?ed SCP peptides, wherein the SCP is a variant of wild-type 
SCP and isolated and puri?ed polynucleotides encoding a 
variant SCP. For example, the SCP may include amino acid 
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residue 130, 193, 295 or 512 of the catalytic domain, or amino 
acid residues 260, 261, 262, 415, 416 or 417 ofthe speci?city 
crevice. The SCP may be SCPA49D130A, SCPA49H193A, 
SCPA49N295A, SCPA49S512A, SCPA1D130A, 
SCPA1H193A, SCPA1N295A, SCPA1S512A, 
SCPBD130A, SCPBH193A, SCPBN295A, SCPBS512A or 
ASCPA49. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Architecture of C5a peptidase from [3-hemolytic 
streptococci. D indicates an aspartic acid residue; H indicates 
histidine; S indicates serine; L indicates leucine; P indicates 
proline; T indicates threonine; and N indicates asparagine. 
R1, R2, R3 and R4 indicate repeated sequences. The numbers 
indicate the amino acid residue position in the peptidase. 

FIG. 2A-2D. Alignment of the amino acid sequence of SCP 
from group A streptococci serotype 49 (SEQ ID NO: 1), group 
A streptococci serotype 12 (SEQ ID NO:2), group B strepto 
cocci (SEQ ID NO:3) and group A streptococci serotype 1 
(SEQ ID NO:23). The sequences are identical except for the 
indicated amino acid positions.The triangle (A) indicates the 
predicted cleavage point of the signal peptidase. Amino acids 
predicted to be in the enzyme’s active site are marked by 
asterisks. Deletions in the amino acid sequence are indicated 
by dots and are boxed. The asterisks (*) indicate theamino 
acid residues of the catalytic domain. 

FIG. 3. Construction of SCP insertion and deletion 
mutants. Black box indicates deleted region. 

FIG. 4. Single color FACS analysis. Fluorescence data 
were analyzed by gating on PMNs. A second gate was set to 
count high staining cells de?ned by the ?rst gate. Air sacs 
were inoculated with 1><106 CFU. 

FIG. 5. Persistence of Wild-type and SCPA“ serotype M49 
streptococci following intranasal infection. 

FIG. 6. Comparison of the ability of SCPA“ mutants of 
serotype M6 Group A streptococcus to colonize mice follow 
ing intranasal infection. Compares BALB/ c mice (ten in each 
experimental group) inoculated with 2><107 CFU of M6 strep 
tococci. Throat swabs were cultured each day on blood agar 
plates containing streptomycin. Mice were considered posi 
tive if plates contained one [3-hemolytic colony. Data were 
analyzed statistically by the X2 test. 

FIG. 7. Construction of ASCPA49 vaccine and immuniza 
tion protocol. 

FIG. 8. Rabbit antibody neutralizes SCPA activity associ 
ated with different serotypes. Bar 1 is a positive control and 
contained rhC5a which was not preincubated before expo sure 
to PMNs. Bar 10 is a control which lacks rhC5a. Whole, intact 
bacteria, preincubated with normal rabbit serum (bar 2, M1 
90-131; bar 4, M6 UAB200; bar 6, M12 CS24; bar 8, M49 
CS 1 01) or preincubated with rabbit anti-SCPA49 serum (bar 
3, M1 90-131; bar 5, M6 UAB200; bar 7, M12 CS24; bar 9, 
M49 CS101), were incubated with 20 ul of5 uM rhC5a for 45 
minutes. Residual rhC5a was assayed by its capacity to acti 
vate PMNs to adhere to BSA-coated microtiter plate wells. 
Adherent PMNs were stained with crystal violet. 

FIG. 9. Serum IgG and secretory IgA responses after intra 
nasal immunization of mice with the puri?ed ASCPA49 pro 
tein. Serum and saliva levels of SCPA49 speci?c IgG were 
determined by indirect ELISA. Sera from each mouse were 
diluted to 1:2,560 in PBS; saliva was diluted 1:2 in PBS. FIG. 
9A shows the sIgA experimental results; FIG. 9B shows the 
IgG experimental results. 

FIG. 10. Comparison of the ability of serotype M49 strep 
tococci to colonize immunized and non-immunized CD1 
female mice. Each experimental group contained 13 mice 
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6 
which were infected intranasally (in) with 2.0><108 CFU. 
The data were analyzed statistically by the X2 test. FIGS. 10A 
and 10B show the results of the repeated experiment. 

FIG. 11. Competitive ELISA Comparison of wild-type and 
variant SCP binding to polyclonal antibody. Plate antigen is 
recombinant wild-type SCPA49 (100 ng/well). Competing 
antigen is indicated by the legend. 

FIG. 12. Competitive ELISA Comparison of SCPA1, 
SCPA49 and SCPB binding to polyclonal antibody. Plate 
antigen is recombinant wild-type SCPA49 (100 ng/well). 
Competing antigen is indicated by the legend. SCPA1 and 
SCPA49 used in the experiments depicted in this Figure com 
prised Asn32 through His113 9. SCPB used in the experiments 
depicted in this Figure was made according to 
Chmouryguina, I. et al., “Conservation of the C5a Peptidase 
Gene in Group A and B Streptococci”, Infect. Immun, 64: 
2387-2390 (1996). 

DETAILED DESCRIPTION OF THE INVENTION 

An important ?rst line of defense against infection by many 
bacterial pathogens is the accumulation of phagocytic poly 
morphonuclear leukocytes (PMNs) and mononuclear cells at 
the site of infection. Attraction of these cells is mediated by 
chemotactic stimuli, such as host factors or factors secreted 
by the invading organism. The C5a chemoattractant is pivotal 
to the stimulation of this in?ammatory response in mammals. 
C5a is a 74 residue glycopeptide cleaved from the ?fth com 
ponent (C5) of complement. 

Phagocytic cells respond in a directed manner to a gradient 
of C5a and accumulate at the site of infection. C5a may be the 
most immediate attractant of phagocytes during in?amma 
tion. As PMNs in?ltrate an in?ammatory lesion they secrete 
other chemokines, such as IL8, which further intensify the 
in?ammatory response. Streptococcal C5a peptidase (SCP) is 
a proteolytic enzyme located on the surface of pathogenic 
streptococci where it destroys C5a, as C5a is locally pro 
duced. SCP speci?cally cleaves the C5a chemotaxin at the 
PMN binding site (between His67-Lys68 residues of C5a) and 
removes the seven most C-terminal residues of C5a. This 
cleavage of the PMN binding site eliminates the chemotactic 
signal. Cleary, P., et al., “Streptococcal C5a peptidase is a 
highly speci?c endopeptidase,” Infect. Immun, 60: 5219 
5223 (1992); Wexler, D. E., et al., “Mechanism of action of 
the group A streptococcal C5a inactivator,” Proc. Natl. Acad. 
Sci. USA, 82: 8144-8148 (1985). 
SCP from group A streptococci is a subtilisin-like serine 

protease with an M, of 124,814 da and with a cell wall anchor 
motif which is common to many Gram positive bacterial 
surface proteins. The architecture of C5a peptidase is given in 
FIG. 1. The complete nucleotide sequence of the streptococ 
cal C5a peptidase gene of Streptococcus pyogenes has been 
published. Chen, C., and Cleary, P., “Complete nucleotide 
sequence of the streptococcal C5a peptidase gene of Strepto 
coccuspyogenes, ” J. Biol. Chem, 265: 3161-3167 (1990). In 
contrast to Subtilisins, SCP has a very narrow substrate speci 
?city. This narrow speci?city is surprising in light of the 
marked similarities between their catalytic domains. Cleary, 
P., et al., “Streptococcal C5a peptidase is a highly speci?c 
endopeptidase,” Infect. Immun, 60: 5219-5223 (1992). Resi 
dues involved in charge transfer are conserved, as are residues 
on both sides of the binding pocket. However, the remaining 
amino acid sequence of SCP is unrelated to that of Subtilisins. 
More than 40 serotypes of Group A streptococci were found 
to produce SCP protein or to harbor the gene. Cleary, P., et al., 
“A streptococcal inactivator of chemotaxis: a new virulence 
factor speci?c to group A streptococci,” in RecentAdvances 
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in Streptococciand Streptococcal Disease p. 179-180 (S. 
Kotami and Y. Shiokawa ed.; Reedbooks Ltd., Berkshire, 
England; 1984); Podbielski, A., et al., “The group A strepto 
coccal virR49 gene controls expression of four structural vir 
regulon genes,” Infect. Immun, 63: 9-20 (1995). 

The catalytic domain or active site of SCP is composed of 
the charge transfer system and the speci?city crevice. The 
charge transfer system, also called the catalytic domain, con 
tains residues Aspl30, His193, Asn295 and Ser512 (FIGS. 1 and 
2A-2D). A modi?cation, i.e., a deletion, insertion or substi 
tution, of any one of these amino acids will inactivate the 
enzyme. The speci?city crevice, on the other hand, is pre 
dicted to be formed by Ser260, Phe26l, Gly262, Ile415, Tyr416 
andAsp4l7. Modi?cation by substitution of these amino acids 
could change the substrate speci?city of the enzyme or elimi 
nate proteolytic activity altogether. Modi?cation by deletion 
of these amino acids would also inactivate the enzyme. The 
catalytic domain depends on the tertiary structure of the pro 
tein that is created when the mature enzyme folds into its 
active state. This domain is not formed from a contiguous 
linear array of amino acid residues. Alternatively, modi?ca 
tion may also reduce binding of variant SCP to the substrate. 
Binding may be reduced by 50%, 70% or even 80%. 
A C5a peptidase enzyme associated with group B strepto 

cocci has also been identi?ed. Hill, H. R., et al., “Group B 
streptococci inhibit the chemotactic activity of the ?fth com 
ponent ofcomplement,” J. Immunol. 141: 3551-3556 (1988). 
Restriction mapping and completion of the sch nucleotide 
sequence showed that sch is 97-98% similar to scpA. See 
FIG. 2A-2D for comparison of the amino acid sequence of 
SCP from group A streptococci serotype 49, group A strep 
tococci serotype 12, group B streptococci and group A strep 
tococci serotype 1 (SEQ ID NO:1, SEQ ID NO:2, SEQ ID 
NO:3 and SEQ ID NO:23, respectively). More than 30 
strains, representing all serotypes of group B streptococci 
carry the sch gene. Cleary P. P., et al. “Similarity between 
the Group B and A streptococcal C5a Peptidase genes,” 
Infect. Immun. 60: 4239-4244 (1992); Suvorov A. N., et al., 
“C5a peptidase gene from group B streptococci,” in Genetics 
and Molecular Biology of Streptococci, Lactococci and 
Enterococci p. 230-232 (G. Dunny, P. Cleary and L. McKay 
(ed.);American Society for Microbiology, Washington, DC; 
1 991). 
Human isolates of groups G and C streptococci also harbor 

scpA-like genes. Some group G strains were shown to express 
C5a speci?c protease activity on their surface. Cleary, P. P., et 
al., “Virulent human strains of group G streptococci express a 
C5a peptidase enzyme similar to that produced by group A 
streptococci,” Infect. Immun, 59: 2305-2310 (1991). There 
fore, all serotypes (>80) of group A streptococci, group B 
streptococci, group C streptococci and group G streptococci 
produce the SCP enzyme. 
SCP assists streptococci to colonize a potential infection 

site, such as the nasopharyngeal mucosa, by inhibiting the 
in?ux of phagocytic white cells to the site of infection. This 
impedes the initial clearance of the streptococci by the host. 
The impact of SCP on in?ammation, C5a leukocyte chemo 
taxis and streptococcal virulence was examined using strep 
tococcal strains with well-de?ned mutations in the protease 
structural gene. SCP variants were constructed by targeted 
plasmid insertion and by replacement of the wild-type gene 
with scpA containing a speci?c internal deletion. Variants 
lacked C5a protease activity and did not inhibit the chemot 
actic response of human or mouse PMNs to C5a in vitro. 
A mouse connective tissue air sac model was used to con 

?rm that SCP retards the in?ux of phagocytic cells and clear 
ance of streptococci from the site of infection. A connective 
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8 
tissue air sac is generated by injecting a small amount of air 
and PBS (with or without streptococci in it) with a 25-gauge 
needle under the skin on the back of a mouse. Boyle, M. D. P. 
et al., “Measurement of leukocyte chemotaxis in vivo,” Meth. 
Enzymol., 162: 101 : 1 15 (1 988). At the end ofthe experiment, 
the mice were euthanized by cervical dislocation, the air sacs 
dissected from the animals, and the air sacs homogenized in 
buffer. An advantage of the air sac model is that the air sac 
remains in?ated for several days and free of in?ammation, 
unless an irritant is injected. Thus, injected bacteria and the 
resulting in?ammatory response remains localized over short 
periods of infection. 
The air sac model was modi?ed to compare clearance of 

wild-type SCP+ and SCP‘ streptococci (i.e., group A strep 
tococci which carried a variant non-functional form of SCP), 
and to analyze the cellular in?ltrate at an early stage of infec 
tion. Tissue suspensions were assayed for viable streptococci 
on blood agar plates and the cellular in?ltrate was analyzed by 
?uorescent cell sorting (FACS). In FACS analysis, individual 
cells in suspension are labelled with speci?c ?uorescent 
monoantibodies. Aliquots of labelled cells are injected into a 
FAC-Scan ?owcytometer, or ?uorescent cell sorter, which 
counts cells based on their unique ?uorescence. The experi 
ments using the air sac model indicated that streptococci that 
were SCP+ were more virulent than streptococci that were 
SCP‘. 
A study was performed to measure production of human 

antibody, both IgG and IgA, against SCP in human sera and 
saliva. O’Connor, S P, et al., “The HumanAntibody Response 
to Streptococcal C5a Peptidase,” J. Infect. Dis. 163: 109-16 
(1991). Generally, sera and saliva from young, uninfected 
children lacked antibody SCP. In contrast, most sera and 
saliva specimens from healthy adults had measurable levels 
of anti-SCP IgG and SCP-speci?c secretory IgA (anti-SCP 
sIgA). Paired acute and convalescent sera from patients with 
streptococcal pharyngitis possessed signi?cantly higher lev 
els of anti-SCP IgG than did sera from healthy individuals. 
Sera containing high concentrations of anti-SCP immunoglo 
bulin were capable of neutralizing SCP activity. Detection of 
this antibody in >90% of the saliva specimens obtained from 
children who had recently experienced streptococcal pharyn 
gitis demonstrated that children can produce an antibody 
response. 
Even though the human subjects produced IgG and IgA 

against SCP in response to a natural streptococcal infection, it 
was not known whether the anti-SCP immunoglobulin pro 
vides any protection against infection. Further, it was not 
known if the SCP protein could act as a vaccine against 
[3-hemolytic streptococcal colonization or infection. First, a 
study was performed to examine the role of SCP in coloniza 
tion of the nasopharynx. Following intranasal infection with 
live group A streptococci, throat cultures were taken daily for 
up to ten days. Wild-type and isogenic SCP-de?cient mutant 
streptococci were compared for the ability to persist in the 
throat over this ten day period. As predicted, the SCP-de? 
cient mutant streptococci were cleared from the nasopharynx 
more rapidly. 
The same intranasal mouse model was used to test the 

capacity of SCP to induce immunity that will prevent coloni 
zation. A variant form of the recombinant scpA49 gene begin 
ning at the nucleotide that encodes Thr63 was cloned. This 
variant is referred to as ASCPA49, and is 2908 bp in length 
(see Example 4 below). Variant SCP protein was puri?ed 
from an E. coli recombinant by af?nity chromatography. Sera 
from rabbits vaccinated intradermally with this protein prepa 
ration neutralized SCP activity in vitro. Puri?ed protein (40 
pg) was administered intranasally to mice over a period of ?ve 
































































